###### Strengths and limitations of this study

-   The study used geospatial analysis to identify a boundary of 32 contiguous zip codes to define the Martin Luther King Jr Hospital (MLK) service area, which contained over 80% of the trauma admissions to MLK during the study period.

-   Zip codes were used instead of predetermined drawn catchment areas to simplify the quantitative data analysis.

-   The analysis captured the years leading up to the MLK closure, the closure transition period including trauma centre de-designation, and 2 years after the hospital closure.

-   The study is unique to one particular trauma system in a local context, and thus, the findings cannot be extrapolated to all areas of the country that have experienced closures of trauma centres.

Introduction {#s1}
============

Trauma is the leading cause of death for all Americans aged 1--44 years, claiming more than 180 000 lives annually, and injury is a leading cause of death and disability among children and adults.[@R1] There are currently more than 1000 trauma centres in the USA, which are hospitals that have committed resources to the care of the injured patient. California trauma centres are designated as levels I--IV. All centres must have a multidisciplinary trauma team and an emergency department (ED), and all must have personnel, services and equipment necessary to care for trauma patients. Trauma centres, as part of organised trauma systems, have been shown to improve injury mortality by 10--20% compared with areas that do not have specialised trauma care.[@R2]

Current literature documenting hospital[@R5] [@R6] and ED closures[@R7] has produced controversial findings; some studies have shown associations with higher mortality due to deteriorating access,[@R7] while others have shown no association with poorer outcomes.[@R6] Several studies have specifically examined closures of trauma centres,[@R11] [@R12] but to our knowledge, few have discussed the population effects on outcomes as a result of trauma centre closures.[@R13]

Given the conflicting evidence for hospital and ED closures, and the paucity of evidence of how trauma centre closures specifically affect outcomes, the goal of this study was to focus on one trauma centre closure in a specific context, using it as a case study to show how there may be different effects based on particular contexts. We studied Martin Luther King Jr/Drew Medical Center, currently a multiservice ambulatory care centre in the southwest region of Los Angeles County, serving the communities of Compton, Watts and Willowbrook.[@R14] South Los Angeles is a distinct region of Los Angeles County that comprises 25 neighbourhoods and three unincorporated districts. The population is approximately 95% African American and Latino, and despite being home to the University of Southern California and the Los Angeles Coliseum, the area is generally economically distressed and suffers high rates of trauma, particularly penetrating trauma, such as gunshot wounds (GSWs).

In response to the lack of sufficient access to healthcare and opportunities in this low-income area,[@R15] the Martin Luther King Jr Hospital (MLK) was opened in 1972, then designated as a level I trauma centre in 1983.[@R16] Despite the hospital\'s assets, a series of highly publicised deaths led to the closure of the cardiac monitoring unit by December 2003, and then MLK\'s redesignation as a level II trauma centre in February 2004. Trauma centre designation was removed completely from MLK in December 2004, but the inpatient and emergency services remained open in the hopes of improving existing services. By 2006, more patient deaths at MLK were reported as attributable to medical errors, and all inpatient and emergency services were closed in August 2007. Following this closure, a provision plan was created for emergency transport and staffing at nearby public and private hospitals, given that the closure of the second-busiest trauma centre in Los Angeles might adversely affect neighbouring hospitals and local communities.[@R17] [@R18] Subsequent impact analyses were also reported, noting challenges and highlighting the need for a comprehensive care plan for the area.[@R18]

This study seeks to fill this gap in literature by evaluating the redistribution of the volume of injured patients in neighbouring hospitals as well as trauma mortality of admitted patients within these hospitals and overall mortality in the county. We hypothesised that the MLK closure in 2007 significantly impacted the volume of trauma patients at other south Los Angeles hospitals, and potentially increased the trauma mortality for south Los Angeles.

Methods {#s2}
=======

Study design and data sources {#s2a}
-----------------------------

We used non-public patient-level data from the California Office of Statewide Health Planning and Development (OSHPD) for all patients admitted to general, acute, non-federal hospitals in the state of California. We limited the data set to all trauma patients in south Los Angeles during the study period from 1999 to 2009 using zip codes for this defined area. We performed an observational, retrospective study of Patient Discharge Data for the years leading up to the MLK closure (1999--2003), the closure transition period including trauma centre de-designation (2004--2007), and 2 years after hospital closure (2008--2009).

Patient population {#s2b}
------------------

We first characterised the patient sample with simple descriptive statistics, including trauma admissions, demographics and injury mortality. We then used geospatial analysis to identify a boundary of 32 contiguous zip codes to define the MLK service area for trauma incidents. This service area contained over 80% of the trauma admissions to MLK during the study period. We used zip codes instead of predetermined drawn catchment areas to simplify the quantitative data analysis. This boundary included the 31 zip codes that had the largest number of total admissions of any kind to MLK, and the 29 zip codes that had the largest number of trauma admissions to MLK while it was in operation. We did not limit the population by age, though MLK was not a paediatric trauma centre, because patients 15 years and older would have been seen routinely, and younger patients may have been seen due to age uncertainty or self-transport.

Trauma admissions included those defined by the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes 800--904.9, 910--929.9 and 950--959.9 in either the principal diagnosis or in any of the 24 secondary diagnoses in our data set (N=117 161), excluding visits with ICD-9-CM codes indicating drowning, burns, bites and stings, overexertion, poisonings, foreign body, suffocation or late effects of injury, as well as those with a sole traumatic ICD-9-CM diagnosis of strains and sprains, or contusions with intact skin surface[@R22] (see online [supplementary appendix](#SM1){ref-type="supplementary-material"} table 1). Burns were excluded because definitive care is provided at LA County-USC, a specialised burn centre. Patients who did not have an injury mechanism as denoted by an E-code (external cause of injury) were excluded (N=854), leaving a total of 37 131 admissions for the analysis.
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Main outcome measures {#s2c}
---------------------

The primary outcome of interest was the number and type of trauma admissions to trauma centres in closest proximity to MLK. The trauma centres (TCs) within 10 miles of MLK were: TCA (level II, 2.3 miles from MLK), TCB (level I, 7.0 miles from MLK), TCC (level II, 7.9 miles from MLK), and TCD (level I, 9.6 miles from MLK).

The secondary outcome of interest was in-hospital injury mortality of trauma patients after the trauma centre closure. The observed mortality rate was compared with expected mortality rate using a risk-adjusted model incorporating age, injury severity, survival risk, injury mechanism, gender, year, patient insurance status, and race for each hospital, and for the MLK service area.

Statistical methods {#s2d}
-------------------

We used descriptive analyses to evaluate the primary outcome of number and type of trauma admissions to different facilities. For our secondary outcome, predicted mortality for the region was calculated using separate models for each of the most common mechanisms of injury (stab wounds,GSWs, falls and motor vehicle collisions), and overall. Model covariates included age, gender, insurance status, race, ISS \>16, SRR and year. All these variables are known to have an effect on injury mortality. Insurance status was categorised into self-pay, public and private. Race was categorised into African American, Latino, Asian American and White.

Injury severity was measured by the Injury Severity Score (ISS). We used ICDPIC V.3.0 for Stata V.11 (ICDPIC V.3.0 for Stata. 2008;2011. <http://ideas.repec.org/c/boc/bocode/s457028.html>). (StataCorp, College Station, Texas, USA) to calculate the ISS from ICD-9-CM codes. We used the accepted standards of categorising injury severity by creating a binary variable denoting severe (ISS \>16) and less severe (ISS ≤16).[@R23] [@R24]

Survival risk ratios (SRRs) associated with each of the relevant ICD-9-CM codes were obtained from the American College of Surgeons Trauma Quality Improvement Program (TQIP) for blunt and penetrating trauma. These values were calculated from 2011 nationwide injury survival statistics, then matched to the ICD-9-CM codes recorded for each case. The lowest ratio for each case was then used in the model. Of note, a proportion of diagnostic codes did not match SRRs. We deliberately used nationwide SRRs to have the largest available sample to predict expected outcomes and to decrease any potential impact of regional variability.

We first estimated mortality models for each common injury mechanism and traumas overall in the MLK service area. To do this, we used preclosure mortality data from all hospitals that served the MLK catchment area. We controlled for age, race, gender, insurance status, ISS, SRR and a continuous time variable.[@R25] The time variable was included to account for secular trends in trauma incidence, mechanism and mortality rates. We specifically examined mortality for GSWs, as MLK had historically cared for most of the GSW victims in the area, and the effects of MLK closure might be borne disproportionately by this group. We then compared observed mortality rates with rates predicted by the risk-adjusted model for hospitals serving the MLK catchment area. CIs for predicted mortality were calculated based on the SEs associated with the predicted values.

All statistical analyses used Stata V.11 (College Station, Texas, USA). Geospatial analysis was performed using Arc-GIS 10 software (Esri, Redlands, California, USA). This study was approved by the University of California, San Francisco Committee on Human Research, and the California Committee for the Protection of Human Subjects.

Results {#s3}
=======

South Los Angeles county trauma volumes across hospitals {#s3a}
--------------------------------------------------------

Between 1999 and 2009, aA total of 37 131 trauma patients were admitted to the five major south Los Angeles trauma centres from the MLK service area. There was no significant change in total annual admissions at the five hospitals over the time period, with 3236 admissions in 1999, to a peak of 3546 in 2003 and down to 3173 by 2009. By contrast, admissions at individual hospitals in the MLK service area experienced marked longitudinal trends. Despite trauma centre catchment area downsizing and eventual de-designation between February and December of 2004, over 1000 trauma patients were seen at MLK in 2004, more than 500 in 2005, and over 450 in 2006. TCD, the busiest trauma centre in the area, had a significant drop in admissions over the study period. However, the three other nearby centres experienced increases in trauma volumes after the MLK closure. TCC, which had not been a trauma centre prior to MLK\'s closure, but was given a level II designation to increase local capacitance, saw a 10-fold increase in trauma admissions ([figure 1](#BMJOPEN2016011700F1){ref-type="fig"}).

![Annual admissions, trauma centers serving MLK catchment area. MLK, Martin Luther King Jr Hospital; TC, trauma centre.](bmjopen2016011700f01){#BMJOPEN2016011700F1}

Demographic and injury severity redistribution across hospitals {#s3b}
---------------------------------------------------------------

Patient mechanisms of injury at the five area trauma centres were very different from each other during the study period ([table 1](#BMJOPEN2016011700TB1){ref-type="table"}), with MLK seeing much higher numbers and percentages of penetrating trauma. Several centres saw significant changes after the closure of MLK. TCs A, B and C experienced marked increases in the proportion of GSW admissions after MLK closed; a twofold increase at TCs A and B (approximately 150--300 patients annually) and a 10-fold increase at TCC (from 10 to 300 patients annually), which were all statistically significant (p values for all \<0.001).

###### 

Trauma volumes by hospital and most common mechanisms, 1999--2009

  -------------------------------------------------------------------
          TCA\        TCB\        TCC\        TCD\        MLK\
          N (%)       N (%)       N (%)       N (%)       N (%)
  ------- ----------- ----------- ----------- ----------- -----------
  GSW     987 (22)    1841 (22)   1522 (18)   1296 (17)   2752 (33)

  SW      322 (7)     487 (6)     315 (4)     496 (7)     499 (5)

  MVC     1443 (32)   2121 (26)   3272 (39)   2553 (33)   2229 (27)

  Falls   1753 (39)   3855 (46)   3346 (40)   3280 (43)   2762 (34)
  -------------------------------------------------------------------

GSW, gunshot wound; MLK, Martin Luther King Jr Hospital; MVC, motor vehicle collision and auto versus pedestrian; SW, stab wound; TC, trauma centre.

Over the entire time period, injury severity as measured by the proportion of patients with an ISS \>16 also increased at TCA (9.1%--14.8%, p\<0.001) and TCC (3.1%--11.1%, p\<0.001). Gender mix and mean age of trauma patients only changed significantly at TCC, transitioning to an overall younger (mean age dropped from 54.1 to 39.9 years) and more male (from 38.7% to 68.3%) population (p value for gender \<0.001, p value for change in mean age \<0.001). Payer mix changed substantially at TCA and TCC, with an annual increase in uninsured patients ([figure 2](#BMJOPEN2016011700F2){ref-type="fig"}). TCA originally began in 1999 with 24.1% of their trauma patients as uninsured, which increased to 44.6% by 2009. TCC saw an even more dramatic increase, with 12.9% of their trauma patients uninsured in 1999, and more than tripling to 44.6% in 2009.

![MLK area trauma centers, per cent uninsured patients. MLK, Martin Luther King Jr Hospital; TC, trauma centre.](bmjopen2016011700f02){#BMJOPEN2016011700F2}

Over 85% of trauma admissions in the MLK service area during the study period were African American or Latino. None of the five TCs in the study cared for a trauma patient population that was more than 15% Caucasian. TCA saw an increase of non-white patients from 84.9% to 95.4% during the study period (p\<0.001). TCB saw an increase of non-white patients from 91.9% to 97.0% (p\<0.001). TCC saw an increase from 97.5% to 98.5% (p=0.179).

Injury mortality {#s3c}
----------------

### Unadjusted mortality {#s3c1}

Though total trauma admissions generally remained constant during the study period, overall injury mortality for individual centres experienced wide year-to-year variations in unadjusted mortality, particularly at TCs A, B and C, beginning with the transition to MLK closure.

### Adjusted mortality {#s3c2}

We first created a model to predict injury mortality in the MLK service area by using preclosure admissions data from all hospitals that served the area, controlling for age, race, insurance status, ISS, SRR, injury mechanism and time. Time was accounted for by using a continuous variable indicating year of the study period starting with zero for 1999. The four models had pseudo-R^2^ ranging from 0.085 for stabbings to 0.369 for motor vehicle collisions, and were used to predict mortality for each patient from 1999 to 2009. Observed and predicted mortality within each year of the study period were calculated by aggregating actual and predicted deaths annually. Predicted annual mortality was calculated with 99% CIs. In all models, SRRs were the variables most strongly associated with mortality. We found a small but statistically significant improvement in observed compared to predicted mortality rates from 2004 to 2009 (3.0% vs 2.8% and 2.8% vs 2.4%) for the overall trauma population ([figure 3](#BMJOPEN2016011700F3){ref-type="fig"}). However, there was a statistically significant increase in GSW mortality beginning in 2004. The observed mortality increased from 5.0% to nearly 7.5% (p\<0.001) in the years after the closure, and was nearly double the predicted mortality ([figure 4](#BMJOPEN2016011700F4){ref-type="fig"}). As a sensitivity analysis, we also graphed observed versus predicted mortality rates for individual centres and found the same results.

![Overall trauma mortality rates, 1999--2009. GSWs, gunshot wounds MLK, Martin Luther King Jr Hospital.](bmjopen2016011700f03){#BMJOPEN2016011700F3}

![Trauma mortality for GSWs, 1999--2009. GSWs, gunshot wounds; MLK, Martin Luther King Jr Hospital.](bmjopen2016011700f04){#BMJOPEN2016011700F4}

Discussion {#s4}
==========

Our findings show that after the MLK closure in 2007, trauma volumes rose significantly at all adjacent hospitals except for TCD, with a marked increase in patient volumes at TCs A and C, in particular, from 1999 to 2009. The substantial redistribution of the patient load was also accompanied by an increase in the severity of injured patients at hospitals that previously cared for less severely injured patients. In addition, certain hospitals experienced an extensive shift in the payer mix of their trauma populations, with one particular trauma centre more than tripling its initial 1999 share of uninsured patients. In general, risk-adjusted mortality for trauma patients overall did not significantly change during the study period. However, we found a persistent and significant increase in mortality from GSWs after the closure. These findings may be explained by longer travel times and associated higher mortality for patients injured by GSWs,[@R26] random variation, or changes in weaponry, though the latter is less likely, as our results were risk-adjusted by SRR and ISS. Finally, it may be that this increased mortality after the closure indicates particular expertise of the MLK trauma centre in management of GSWs. However, given the relative lack of granularity of our risk stratification (the data set lacked ED blood pressure, transfusion data, base deficit, and other predictors of survival), we cannot make a definitive statement about this. Our conclusions cannot be necessarily extrapolated to other trauma centre closures, since this particular closure was in the context of having overlapping and well-coordinated efforts by the county to provide adequate services. Our study does show that in these types of contexts, a trauma centre closure may not necessarily lead to poorer outcomes.

Overall, violent crime rates decreased steadily during the study period, and homicide rates in LA County decreased from 9.1/100 000 to 6.7/100 000 by 2009. Given that the homicide rate overall was decreasing, it is also possible that the increased mortality for GSW victims in south Los Angeles could be linked to MLK closure.

Our findings have several implications for policymakers and health system planners. The MLK closure was not undertaken lightly, and a transitional period of several years that included multiple efforts to improve quality outcomes was undertaken. These data demonstrate that the efforts of LA County to anticipate and forestall adverse events helped increase capacitance and decrease potentially negative impacts on trauma mortality despite dramatic increases in trauma volumes at nearby centres. An example of measures that were put in place included the creation of a new level II trauma centre in centre of the MLK catchment area (TCC) to help safeguard this vulnerable population from excess injury mortality during and after the closure. Our findings are consistent with one previous study evaluating the effects of the MLK trauma centre de-designation on Harbor-UCLA, which did not show an increase in mortality of the trauma admissions despite an increase in volume and injury severity.[@R27] A recent paper discussing trauma closures in California overall showed that trauma patients experiencing an increased distance to the nearest trauma centre after a closure had higher inpatient mortality;[@R13] our findings within this local context showed that this was only true for a subset of patients with GSWs. Given that penetrating injury is particularly time-sensitive, this could provide some explanation of the nuances of our findings.

This study raises an important question of whether hospital quality measures, which are aimed to serve as proxies for patient care and outcomes, are effective for evaluating trauma outcomes across hospitals. The decision to close MLK was based on its failure to meet minimal federal standards on hospital quality measures. These quality measures include many aspects of inpatient and outpatient care, including cardiovascular disease, end-stage renal disease and respiratory care.[@R28] Though deaths and injuries related to medical errors are included in the Centers for Medicare & Medicaid Services (CMS) appraisal, measurements of trauma care were not, and are still not included in these quality indicators. Other investigators have found that CMS quality indicators do not correlate with risk-adjusted mortality rates at trauma centres.[@R29] Of concern for our particular study is that GSW mortality steadily rose after redistribution of care to other hospitals, which was one of the objections voiced by opponents to the trauma centre closure. Moreover, the increase in mortality from GSWs is counter to national trends in trauma mortality and raises concerns about unanticipated effects, particularly in areas disproportionately burdened by gun violence. In the future, metrics such as those included in the TQIP, in addition to CMS quality measures, might be beneficial to help guide decisions about trauma centre closures.[@R25] [@R30]

Finally, this study highlights the potential financial implications faced by neighbouring hospitals after a closure. It has been well-documented that 'safety-net hospitals'[@R31] such as MLK that provide disproportionate amounts of care to low-income and poorly insured patients are vulnerable to closure,[@R12] [@R32] and that trauma centres are more likely to close in areas with higher proportions of non-white individuals and a poorer payer mix.[@R10] [@R11] As seen in our study, the reallocation of thousands of poorly insured patients to nearby hospitals inevitably requires that they absorb the financial implications of caring for this population as well. Further research into these financial consequences, and how a health system can help minimise the shock on the system, is crucial.

This study has several limitations. It is a retrospective, observational study that includes only basic patient demographics and a calculated measurement of ISS. It also does not include prehospital data, such as measurements of systolic blood pressure and transport times, nor data about procedures performed, blood transfusions given or other patient-level and hospital-level data. However, it would be very difficult to undertake this type of study prospectively across multiple hospitals and a complicated EMS system in a large, urban setting. Also, we deliberately did not limit our study population to adults, in the hopes of providing the most accurate representation of the MLK patient population. However, this inclusion may have actually biased our results to the null if most injured children were being taken to other local paediatric trauma centres, which would make any volume or outcome-related changes after the closure appear smaller overall.

In addition, our findings that mortality was not impacted after the MLK closure does not take into account fatalities that did not present to a trauma centre, such as individuals pronounced dead at the scene. Furthermore, our data set does not capture deaths occurring in the ED. Because the state began collecting ED data in 2005, we are unable to include ED deaths in our study. Our findings may actually be conservative in the sense that there may be a survival bias in patients who survived the transport to hospitals that were located farther away than MLK. Last, it also may be that these findings are unique to this particular trauma system in this local context. Contextual factors likely play an important role in the impact of these closures on the surrounding communities, and our findings cannot be extrapolated to all areas of the country that have experienced closures of trauma centres.

Conclusions {#s5}
===========

Our study showed there was a significant redistribution of trauma patients to nearby hospitals after the MLK closure, with a marked increase of uninsured patients at certain hospitals. Overall, injury mortality did not change for trauma patients in south central Los Angeles, though concerns remain about the postclosure outcomes for GSW victims. Our findings shed hope on how careful planning, including using available technology such as geocoding methodology to map road traffic patterns and ambulance diversions to nearby hospitals, might anticipate potential pitfalls and inform decision-making with respect to resource allocation, ultimately to provide optimal patient care.
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